WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(SI) International Patent Classification 6 : 
C07C 53/06, 55/00 



Al 



(11) International Publication Number: WO 96/3S6g 

(43) International Publication Date: 14 November 1996 (14.1 l&j) 



nr 

(81) Designated States: AL, AH AT, AU, AZ, BB, BG, BR, BXJ 
CA, CH, CN, CZ. DE, DK, EE, ES, FI, GB. GE, HU.flQ 
JP, KE, KG, KP, KR, KZ. LK, LR, LS, LT, LU. LV. Mff 
MG, MK, MN, MW, MX. NO. NZ, PL, PT, RO, RU, SQJ 
SE, SG. SI. SK, TJ, m, TR. TT, UA, UG, US, UZ, ^ 
ARIPO patent (KE, LS, MW, SD, SZ, UG), Eurasian pal 
(AM, AZ, BY, KG, KZ, MD. RU, TJ, TM), European p 
(AT, BE, CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, 
MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, Cffc. 
GA, GN, ML, MR, NE, SN, TD, TG). 



(21) International Application Number: PCT/NO967001 15 

(22) International Filing Date: 10 May 1996 (10.05.96) 



(30) Priority Data: 
951885 



12 May 1995 (12.05.95) 



NO 



(71) Applicant (for all designated States except US): NORSK 
HYDRO A.S. [NO/NO]; N-0240 Oslo (NO). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): HJ0RNEVIK, Leif 
[NO/NO]; St Hansgt 3, N-3714 SWen (NO). 

(74) Agent: SUNDNES, Ame; Norsk Hydro A.S, N-0240 Oslo 
(NO). 



Published 

With international search report 



(54) Title: METHOD FOR MANUFACTURE OF PRODUCTS CONTAINING DISALTS OF FORMIC ACID 
(57) Abstract 

The present invention relates to a method for manufacture of products containing disalts of foimic M ^ J^ si ™ J^™^ 
carbonate, bicarbonate or formate, sodium hydroxide, carbonate, bicarbonate or formate, cesium hy<iroxide, • «rt»n«e. bicarbonate^ or 
Ornate oV ammonium formate or ammonia is mixed with formic acid at 40-100 »C. Ae mixture is cooled M <*«"^?^ 
containing acid salt is collected. The filter cake is transported to a drier/mixer where other disalts. calcium formate and/or a desiccant can 
be added. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Armenia 


AT 


Austria 


AU 


Australia 


BB 


Barbados 


BE 


Belgium 


BF 


Burkina Faso 


BG 


Bulgaria 


BJ 


Benin 


BR 


Brazil 


BY 


Belarus 


CA 


Canada 


CF 


Central African Republic 


CG 


Congo 


CH 


Switzerland 


a 


C&ed'Ivoire 


CM 


Cameroon 


CN 


China 


CS 


Czechoslovakia 


CZ 


Czech Republic 


OE 


Germany 


DK 


Denmark 


EE 


Estonia 


ES 


Spain 


n 


Finland 


FR 


France 


GA 


Gabon 



GB 


United Kingdom 


GE 


Georgia 


GN 


Guinea 


GR 




HU 


Hungary 


IE 


Ireland 


IT 


Italy 


JP 


Japan 


KE 


Kenya 


KG 


Kyrgystan 


KP 


Democratic People's Republic 




of Korea 


KR 


Republic of Korea 


KZ 


Kazakhstan 


LI 


Liechtenstein 


LK 


Sri Lanka 


LR 


Liberia 


LT 


Lithuania 


LU 


Luxembourg 


LV 


Latvia 


MC 


Monaco 


MD 


Republic of Moldova 


MG 


Madagascar 


ML 


Mali 


MN 


Mongolia 


MR 


Mauritania 



MW 


Malawi 


MX 


Mexico 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SG 


Singapore 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senega) 


sz 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United States of America 


UZ 


Uzbekistan 


VN 


Viet Nam 



WO 96/35657 



PCT/N 096/00 115 



Method for manufacture of products containing disalts of formic acid 

The present invention relates to a method for manufacture of products containing 
disalts of formic acid. The products are manufactured from potassium-, sodium-, 
ammonium- and cesium- compounds and formic acid containing 0-50 % water in 
a reactor at 40-1 00°C. 

It is often desired to have products with a high concentration of salts of 
monocarboxylic acids, such products can be used for several purposes. In 
formate based animal feed additives, for instance, it is desired that the formate 
concentration is high and that the product does not emit acids, which act 
corrosively and may cause poor working conditions during manufacture and 
handling of the products. 

In order to obtain such concentrated products, at least part of the mono salts of 
said acids can be substituted with disalts like diformate 

The mono salts of potassium, sodium, ammonium and cesium are forming disalts 
with monocarboxylic acids like for instance formic acid and acetic acid. The 
strength of the salt bonds decreases from cesium/potassium to ammonium. 
Potassium diformates are stable crystalline salts which decompose at 
temperatures above 120°C. The ammonium diformates are less stable than 
potassium diformate and the decomposition temperature of ammonium diformate 
is reported to be in the range 25-30°C. The sodium diformates decompose in the 
temperature range 1 00-1 20°C. 
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In Gmelins Handbuch der anorganischen Chemie, 8. Ed.System No. 21 and 22, 
Verlag Chemie G.M.B.H Berlin 1928, pages 818-857 and pages 919-949, 
respectively there is described formation of disalts of C 1-4 monocarboxylic acids, 
like potassium diformate and sodium diformate by dissolving pure formates in 
concentrated and anhydrous formic acid. According to the described laboratory 
experiments, needle like crystals of diformates etc. are formed. The method for 
formation of disalts described in Gmelin are only theoretical. Commercial pro- 
duction of such disalts are not reported. 

In GB-Patent No. 1.505.388 there is described formation of aqueous solutions of 
complex salts from ammonium ions and/or ions of a metal selected from Group I 
and II of the Periodic Table and at least one carboxylic acid. The ratio of acid to 
ammonium and/or metal ions being in the range of 2:1 and 4:1 on a chemical 
equivalent basis. The concentration of water in the aqueous solution being 
between 15-75 % by weight of the total composition. Said solution of complex 
salts or disalts of carboxylic acids is stated to be a preservative composition 
useful in animal feed. This patent does not give any further operating conditions 
for making the solution of the complex salts and no conditions for making dry 
salts. 

The main object of the present invention was to arrive at a new method for the 
manufacture of products containing disalts of formic acids, where large amounts 
of the products could be obtained in a form suitable for commercialisation. 

Another object of the invention was to arrive at products comprising formic acid 
which were temperature stable, i.e. products where the loss of acid was kept at a 
minimum. 

A further object of the invention was to arrive at a crystalline or granulated product 
which was free-flowing and possessed good storage properties. 
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Still another object of the invention was to arrive at a product which contains very 
small amounts of water, and appears with less hygroscopicity compared with the 
carboxylate itself. 

Especially diformates of sodium and potassium were found to have such 
properties. 

It was also an object to produce concentrated solutions or slurries of disalts of 
formic acid. 

By using potassium hydroxide, carbonate, bicarbonate or formate, sodium 
hydroxide, carbonate, bicarbonate or formate, cesium hydroxide, carbonate, 
bicarbonate or formate or ammonium formate or ammonia, mixed with formic acid 
containing 0-30 % of water, crystalline diformates were manufactured. The 
manufactured crystalline diformates were easily separated from the suspension by 
centrifugation as a filter cake, and the filtrate containing acid salts was collected. 
The filter cake was transported by a transport belt/bucket conveyor to a 
drier/mixer. The wet diformate product was dried to a water content <0.2 %. 
Calcium formate or other formates can be added to the drier/mixer. To further 
dehydrate the diformates, a desiccant can be added to the drier/mixer. Suitable 
desiccants will be various types of silica, starch etc. One preferred silica desiccant 
is sold under the tradename Sipernat 50/22 S. The crystalline diformates obtained 
were free-flowing, dry, stable, i.e. at normal storage temperature (0-80°C), they 
did only decompose into acid and formate to a very small degree. Thus the 
inventor found that by working according to the above concept disalts of formic 
acid could be made in the following way: 
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K, Na, Cs or NH 4 -formate, K, Na, or Cs-carbonate or bicarbonate is mixed with 
formic acid containing 0-50 % water in a reactor at 40-1 00°C and reacted to 50-55 
% of the acid. The mixture is then cooled and the slurry formed is filtered, the 
filtrate is collected or recirculated and the filter cake containing disalts is 
transported to a drier/mixer where the disalts are dried. Alternatively other disalts, 
calcium/magnesium salts and/or a desiccant can be added to the drier/mixer. The 
filtration is preferably performed by means of a centrifuge. 

The preferred mole ratio of K ( Na, or NH 4 - formate and formic acid is 1-1.5 : 1-1.5. 
The temperature in the reactor should preferably be between 50-70°C, and the 
concentration of acid should be in the range 50-1 00 %. 

K/Na carbonates/hydroxides can be used in solid form and having a water content 
of 1-15%. 

A preferred process for making Na- or K-diformates can be performed by using 
only formic acid and NaOH or KOH as raw materials. Optionally Na- or 
K-carbonates can be used together with the respective hydroxides. This process 
comprises reacting a 80-95 % aqueous solution offormic acid with a solution of 
70-80 % potassium or sodium formate at 50-60°C in a first reactor and sub- 
sequently cool the formed mixture to 20-25°C, whereby the formed diformate 
precipitates. The slurry containing the diformate is separated and the filtrate is 
transferred to a second reactor where it is reacted with a 50 % solution of NaOH 
or KOH, which optionally may be mixed with the corresponding alkali carbonate. 
The thus formed formate solution is adjusted to pH 9-10 and then evaporated to a 
70-80 % solution being transferred to said first reactor. The separated diformate 
solids are dried by means of air to a water content of <0.2 % in a drier. 

The new products made according to the above method comprise the following: 
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Disalts of formic acid containing 

20-60 % potassium diformate 
20-50 % sodium di/tetra formate 

0-25 % calcium mono salt 

0-4 % desiccant 

0-5 % water 

Another similar product according to the invention contains the following 
components: 

60-99 % potassium diformate 

0-28 % calcium mono salt 

0-4 % desiccant 

0-5 % water 

A further product is a concentrated solution of disalts of formic acid containing 
55-70 % diformates. 

The scope of the invention is as defined by the attached claims. 

The invention is further described and explained in the following description of the 
figure and the examples which demonstrates manufacture according to the 
invention. 

Figure 1 shows a flow sheet of the process for manufacture of products 
containing disalts of formic acid. 



Figure 2 shows a flow sheet for producing diformates of potassium or sodium. 
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In Figure 1 the process for manufacture of products containing disalts of formic 
acid is shown. Potassium hydroxide, carbonate, bicarbonate or formate, sodium 
hydroxide, carbonate, bicarbonate or formate, cesium hydroxide, carbonate, 
bicarbonate or formate or ammonium formate or ammonia 1 and 2 is mixed with 
formic acid 3 in which a small amount of water 4 is added, in a water-cooled 
agitator reaction tank 5 and 6 at 40-1 00°C, preferably 50-70°C. The reaction 
mixture is cooled to 20-40°C. Disalts are precipitated and the slurries 7 and 8 are 
led into centrifuges 9 and are centrifuged. The filter cakes 11 and 13 containing 
diformate crystals, are transported on a transport belt/bucket conveyor 14 to a 
drier/mixer 15. To the drier/mixer 15 additional formates, for instance calcium 
formate 16 and/or a desiccant 17, can be added. The calcium formate 16 and the 
desiccant 17 are first led into silos 18 and 19. The product 20 is collected from the 
drier/mixer 15. The filtrates 10 and 12 are collected from the centrifuge 9. Said 
filtrates can be applied as such in the form of concentrated solutions containing 
55-70 % disalts or they can be further processed. The slurries 7 and 8 can be 
diluted by relinquishment of the filtrate 10 and 12 from the centrifuge 9 to the 
reaction tank 5 and 6 if desired. 

Figure 2 shows disalts of Na or K by performing the reactions in two reactors 25, 
27. In reactor 25 80-95 % formic acid 3 is reacted at 50-60°C with a 70-80 % 
solution 24 of Na/K formate being formed in reactor 27. The resulting solution is 
cooled to 20-25°C, whereby a coarse crystalline mass of diformate is formed and 
precipitated. This suspension has a solids content of 40-45 % depending on the 
final temperature during the cooling step. The diformate crystals are removed in a 
separating device 9, preferably a pusher centrifuge being designed to let crystals 
having a size below 70 micron get through. The crystal mass will thereby have a 
Dgo of about 600 micron. Thus a dust free product is obtained. The filtrate 30 
containing diformate in water and small amounts of crystals is pumped to reactor 
27 where the acid part is neutralized with a 50 % solution of NaOH or KOH 28. A 
combination of the respective carbonates and a 50 % hydroxide solution can also 
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be used. The crystals of the solution will be dissolved during this neutralization. 
Subsequent to neutralization to pH 9-10, the solution 33 is concentrated in 
evaporator 26 to which steam 22 can be supplied. The thus concentrated 70-80 % 
solution 24 is transferred to reactor 25. The crystal mass of diformates 32 from 
the separating device 9 contains about 1-1.5 % water and is transferred to a drier 
15, which preferably is a paddle drier. In the drier 15 the diformate is dried to a 
water content <0.2 during 12-18 minutes by air 31 which leaves at 23. The thus 
dried product 20 can be mixed with a desiccant. 

Example 1 

This example shows manufacture of potassium diformate. 

91 % KOH and 85 % formic acid are mixed in a water-cooled agitated reaction 
tank/crystallizer at 60-70°C to a conversion of the formic acid of about 50-55 %. 
The reactor is cooled down to 20-40°C. Potassium diformate is precipitated 
quantitatively and a slurry with about 50-55 % dry substance is formed. The slurry 
is centrifuged continuously to a water content of about 1.5-3 % by weight. The 
filter cake is transported via a transport belt/bucket conveyor to a drier/mixer, and 
a dry substance with about 0.1 % by weight of water is obtained. The content of 
formic acid is about 35 %. Other diformates, dry formates and/or a desiccant can 
also be added to the drier/mixer. The filtrate collected from the centrifuge can be 
used to dilute the slurry before centrifugation, if necessary. The collected filtrate 
can be further processed, i.e. by adding potassium hydroxide to the filtrate the 
formic acid in the filtrate will be converted to potassium formate solution. 

Alternatively the potassium diformate can be manufactured in the same way from 
85-95 % formic acid and 75 % potassium formate. 
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Example 2 

This example shows manufacture of sodium di/tetraformate. 

80-90 % formic acid is mixed with 97 % NaOH dry substance in a water-cooled 
agitated reaction tank/crystallizer at 60-70°C to a conversion of the formic acid of 
about 50-55 %. The reactor is cooled down to 20-40°C, and a mixture of sodium 
diformate and trisodium tetraformate are quantitatively precipitated and a 
suspension of about 50 % is formed. The suspension is centrifuged to a water 
content of about 2-5 %. The filter cake is transported via a transport belt/bucket 
conveyor to a drier/mixer. The content in the drier/mixer is dried. The content of 
formic acid will appear at about 30 %. Other diformates, dry formates and 
desiccant can also be added afterwards to the drier/mixer. 

The filtrate collected from the centrifuge can be used to dilute the suspension 
before centrifugation, if necessary. The filtrate can be further processed in the 
same way as stated i example 1 . 

Alternatively the sodium diformate/trisodium tetraformate can be manufactured by 
dissolving sodium formate in 85-95 % formic acid in a mole ratio approximately 
1:1. The slurry must be diluted with recirculated filtrate from the centrifugation 
step. In this case the filter cake is washed continuously with a small amount of 
diluted NaOH to neutralize the excess acid in the filter cake. 



Example 3 

This example shows the production of dry, free-flowing products with a high 
content of potassium diformate and sodium diformate/tetraformate. These types of 
products are here called Type 1 products. 
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Potassium diformate and sodium diformate/tetraformate are manufactured as 
shown in examples 1 and 2. To the drier/mixer calcium formate, a desiccant, a 
silica product sold under the tradename Sipernat 50/22 S, and water are added. 
The composition of the mixture in the drier/mixer is : 

Potassium diformate 49.3 % by weight 

Sodium diformate/tetraformate 24.6 % by weight 

Calcium formate 24.6 % by weight 

Desiccant 1.0% by weight 

H 2 0 0.5% by weight 

A product of the following total composition based on weight was formed : 

Formic acid 22.4 % 

Potassium formate 31 .9 % 

Calcium formate 24.5 % 

Sodium formate 19 7 % 

Desiccant 0.5 % 

H 2 0 1-0% 



♦ The product contains about 20 % formic acid and about 64.8 % formate. 

Similar Type 1 products can be manufactured as described in example 3. They 
will be highly concentrated with regard to total content of formate (propionate etc.) 
due to the content of disalt of the monocarboxylic acid. Addition of calcium 
formate/acetate/propionate will depend on the actual use of the Type 1 product. 
The general composition of Type 1 products, when the acid applied is formic acid, 
will be : 
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Potassium diformate 20-60 % 

Sodium di/tetra-formate 20-50 % 

Calcium formate 0-25 % 

Desiccant 0-4 % 

Water 0-5 % 



The primary application will be as feed additives. 



Example 4 

This example shows the production of dry, free-flowing products with a high 
content of potassium diformate. These types of products are here called Type 2 
products. 

Potassium diformate was manufactured as shown in example 1 . To the drier/mixer 
calcium formate, a desiccant and water are added. The composition of the mixture 
in the drier/mixer was : 

Potassium diformate 88.0 % by weight 

Calcium formate 1 1 .0 % by weight 

Desiccant 0.5 % by weight 

H 2 0 0 5 % b ¥ weight 

A product of the following total composition based on weight was formed : 

Formic acid 31.1 % 

Potassium formate 56.9 % 

Calcium formate 11-0 % 

Desiccant 0.5 % 

H 2 0 0.5 % 
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The product contains about 30 % formic acid and about 65.6 % formate. 

The Type 2 products formed as described above will have the following general 
composition when the acid applied is formic acid : 

Potassium diformate 60-99 % 

Calcium formate 0-28 % 

Water 0-5% 

Desiccant 0-4 % 

The primary application will be as feed additives. 



Example 5 

This example shows preparation of potassium diformate in a process as shown in 
figure 2. 

85 % formic acid was reacted with a 75 % potassium formate in the first reactor 25 
at about 55°C and subsequently cooled to 20-25°C, whereby a coarse crystalline 
potassium diformate mass was precipitated. The diformate was separated by 
centrifugation and contained then 1-1.5 % water which was further reduced in a 
drier to <0.2 % water. The filtrate containing potassium diformate and small 
amounts of crystals was pumped to the second reactor 27 where it was reacted 
with a 50 % potassium hydroxide solution, whereby the acid part of the diformate 
was neutralized. The pH of the solution was adjusted to pH 9-10 and then 
evaporated to a 75 % potassium formate solution which was transferred to reactor 
25. The desiccant "Sipernat", a silicon dioxide, was added in amounts of 1-1-3 % 
to the dried potassium diformate. 
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Sufficient potassium is supplied during the neutralization in the second reactor to 
give the required mass balance with regard to potassium. Accordingly it is not 
necessary to supply any external potassium formate to this process, which only 
requires formic acid and hydroxide which optionally can be mixed with the 
corresponding alkali carbonate. The finished product was free-flowing and non- 
dusting and ready for being packed in bags or delivered in bulk. 

By the present invention one has arrived at a most flexible and economic process 
for manufacturing a whole range of highly concentrated products with regard to 
total content of salts of formic acid, and specifically disalts of formic acid. The 
main products are dry and free-flowing and possess excellent storage properties, 
they contain very small amounts of water, and they are temperature stable, i.e. 
the loss of acid is very small. Also the by-product filtrate, according to the process 
shown in figure 1, can be applied as such or recirculated in the process for 
manufacture of the main product. 
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Claims 

Method for manufacture of products containing disalts of formic acid, 
comprising mixing K-, Na-, Cs- or NH 4 -formate, K-, Na- or 
Cs-hydroxide, K-, Na- or Cs-carbonate or bicarbonate or NH 3 with 
formic acid containing 0-50 % water in a reactor at 40-1 00°C 
characterised in that 

the reaction is run till approximately 50-55 % of the acid is consumed, 
the mixture is cooled and the slurry formed is filtered, the filtrate is 
collected or recirculated and the filter cake containing disalts is 
transported to a drier/ mixer where the disalts are dried, optionally 
other disalts. calcium/ magnesium salts and/or a desiccant can be 
added to the drier/mixer: 

2. Method according to claim 1 , 

c h a r a c t e r i s e d i n t h a t 

a 80-95 % aqueous solution of formic acid is reacted with a solution 
of 70-80 % potassium or sodium formate at 50-60°C in a first reactor 
and subsequently cooled to 20-25°C, whereby the formed diformate 
precipitates, and that the slurry containing the diformate is separated 
and the filtrate is transferred to a second reactor where it is reacted 
with a 50 % solution of NaOH or KOH. which optionally may be mixed 
with the corresponding alkali carbonate, and that the thus formed 
formate solution is adjusted to pH 9-10 and then evaporated to a 
70-80 % solution being transferred to said first reactor, and that the 
separated diformate solids are dried by means of air to a water 
content of <0.2 % in a drier. 
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3 Method according to claim 1 , 
characterised in that 

mole-ratio of K-, Cs-, Na- or NH 4 -carboxylate and formic acid is 1-1.5 
: 1-1.5 and that the filtration is performed by means of a centrifuge. 

4 Method according to claim 1 , 
characterised in that 

the temperature in the reactor is between 50-70°C and the 
concentration of the acid is between 50-1 00 %. 

5 Method according to claim 1 , 
characterised in that 

K/Na-carbonates/hydroxides are solid and the water content is 
between 1-15%. 

6. Method according to claim 1 , 

characterised in that 

liquid and/or gaseous NH 3 or ammonium formate is mixed with a 
formic acid. 

7 # Method according to claim 1 , 

characterised in that 

the crystal masses of Na- and K-disalts are dried at temperatures 
between 40 and 80°C. preferably between 50 and 70°C. 

8. Products comprising disalts of formic acid, 

characterised in that 
the general composition of the products is 
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20-60% potassium disalt 
20-50 % sodium di/tetra salt 
0-25 % calcium mono salt 
0-4 % desiccant 
0-5 % water 

9. Products comprising disalts of formic acid, 

characterised in that 
the general composition of the products is 

60-99 % potassium disalt 
0-28 % calcium mono salt 
0-4 % desiccant 
0-5 % water. 



10. 



Concentrated solution of disalts of formic acid, 
characterised in that 
the solution contains 55-70 % disalts. 



WO 96/35657 



PCT/NO96/00115 





2/2 




INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/NO 96/00115 



A. CLASSIFICATION OF SUBJECT MATTER 



J^L^JL^^hf^^^ «PQ or to both national clasdftcation and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC6: C07C 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI,N0 classes as above 



Electronic data base consulted during the international search (name of data base and. where practicable, search terms used) 



WPI. IFIPAT, CA 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Berichte, Volume 36, 1903, E. Groschuff , "Neutral 
und saure Alkaliformiate. Studien uber die 
Loslichkeit der Salze. XI" page 1783 - page 1795 



Gmelins "Handbuch der anorgani schen Chemie", 8 .Ed 
System No. 21, Verlag Chemie G.M.B.H. Berlin 
1928, pages 816-819 

Gmelins "Handbuch der anorganischen Chemie", 8.Ed 
System No. 22, Verlag Chemie G.M.B.H. Berlin 
1928, pages 919-921 



1,3-7 



1,3-7 



1,3-7 



YJ Further documents are listed in the continuation of Box C. [7] See P ateflt fami| y annCX 



A* 
'IT 

*o- 



S pedal categories of cited documents: 

document defining the general state of the art which is not considered 
to be or particular relevance 

erlier document but published on or after the international filing date 
document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other 
means 

document published prior to the international filing date but later than 
the priority date claimed 



later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

•X" document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

•Y- document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

'&T document member o f the same patent family 



Date of the actual completion of the international search 



Q AtiqusH 1996 



Date of mailing of the international search report 

1 2 -08- 1996 



Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055. S-102 42 STOCKHOLM 
Facsimile No. + 46 8 666 02 86 



Authorized officer 

Eva Johansson 

Telephone No. +46 8 782 25 00 



Form PCT/lSA/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/NO 96/00115 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category" Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No. 



X GB 1505388 A (BP CHEMICALS LTD), 30 March 1978 8-10 

(30.03.78) 



X EP 0009366 Al (BP NUTRITION LTD), 2 April 1980 9-10 

(02.04.80) 



A DK 85073 A (SKANSKA ATTIKFABRIKEN AB), 1-10 

16 June 1958 (16.06.58) 



Form PCT/ISA/2 10 (continuation of second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 



Patent document 
cited in search report 



Publication 
date 



GB-A- 



1505388 



30/03/78 



31/07/96 



International application No. 
PCT/NO 96/00115 



EP-A1- 



0009366 



02/04/80 



Patent family 
member (s) 



Publication 
date 



AU-A- 

BE-A.A- 

DE-A.A.C 

DE-A.A- 

FR-A.B- 

JP-C- 

JP-C- 

JP-A- 

JP-A- 

JP-B- 

LU-A.A- 

NL-A- 

NL-A- 

SE-B.C- 

SE-A- 

US-A- 



1963276 
848712 
2653448 
2653449 
2332764 
1145271 
1188031 
52070993 
52110286 
58011921 
76270 
7612827 
7612828 
424805 
7612195 
4179522 



SE-T3- 



0009366 



25/05/78 

24/05/77 

07/07/77 

08/06/77 

24/06/77 

12/05/83 

30/01/84 

13/06/77 

16/09/77 

05/03/83 

10/07/78 

01/06/77 

01/06/77 

16/08/82 

28/05/77 

18/12/79 



DK-A- 85073 16/06/58 NONE 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
I^FADED TEXT OR DRAWING 
QijLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GR^Y SCALE DOCUMENTS 
_ LINES OR MARKS ON ORIGINAL DOCUMENT 

0 / REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



THIS PAGE BUNK (usfiq 



